Light curves based on recent Stromgren uvby observations of the mCP star 108 Aqr show definite changes with respect to published uvby data of this star. This behavior is interpreted as being due to the precession of the rotational axis changing slowly and moderately the observed hemisphere of this star at a given rotational phase.
INTRODUCTION
demonstrated that within the framework of the diffusion mechanism (Michaud 1970 ) the magnetic field configuration determines the elemental abundance distribution over the surface of a magnetic CP (mCP) star in whose envelope radiation is the dominant energy transfer mechanism. Thus the implied long term stability of abundance patches means astronomers can use these spots as a body-fixed reference frame in accord with the rigid rotator model (Deutsch 1958 , Preston 1970 as differential rotation would lead to major secular changes in the shape and phasing of all observed parameters. In many mCP stars the angle between the rotation and magnetic axes is found to be substantial. A magnetic field of several kilogauss can produce a dynamical effect on the stellar envelope as the angular momentum is perturbed by the energy density of a nonaxisymmetric magnetic field. An observational consequence for a single oblique rotator should be free-body precession (Shore & Adelman 1976) . As only the stellar envelope is deformed by the magnetic field which does not penetrate the convective core, a precessional period of about six years for a 3 MQ star with a magnetic field of Hp = 10 kG is predicted. These values were selected to correspond to the mCP star 56 Ari.
In large measure I helped found the Four College Automated Photometric Telescope (FCAPT) consortium, which has operated a 0.75-m telescope for nine years in Southern Arizona, to obtain the photometry needed to check this prediction. Published photometry for almost all periodic and constant stars has been found to agree with that of other authors in the same system (see, e.g., Adelman 1997a) especially when the comparison and check stars are well chosen. This is true for data obtained both before and after the telescope was moved from Mt. Hopkins to Washington Camp, AZ at the end of the sixth year of operations. Our consortium has tried to minimize changes which would affect the photometry. The same thermo-electrically cooled photometer and the same set of filters has been used for all observations. Every few years the telescope mirror has been realuminized. The largest published data set for a single star from the FCAPT, that of the mCP star CU Vir (Pyper et al. 1998 ) with data from the first seven years, demonstrates the data quality and stability. Further, Adelman & Rice (1999) , who include data from Fall 1998, discuss the continued constancy of the mCP star HR 8216 over many years and by implication that of the photometric system. Changes in the light curves of four mCP stars relative to published observations have been found: 56 Ari (Adelman & Fried 1993) , 20 Eri (Adelman & Boyce 1995) , HR 1297 (Adelman & Brunhouse 1998) , and 108 Aqr (Adelman & Knox 1994 , Adelman 1997b . These stars are candidates for finding precessional effects. For each, additional series of observations are in progress. Photometrically one would expect to observe periodic changes in the light curves, specifically in the timing of the rising and falling branches, the full widths at half-maxima, and in details especially those near light maxima and minima while the rotational period remains constant. The mean magnitudes and amplitudes could also vary slightly. Spectroscopically one would expect periodic changes in the apparent rotational velocity v sin i as well as in the equivalent widths of lines of elements with nonuniform surface abundances. Magnetic observations would also show periodic changes in values at a given phase. Such effects are due to slightly different parts of the surface being observed at a given rotational phase. This behavior is distinct from the abrupt de-crease in the rotational period of CU Vir (Pyper et al. 1998) where with a constant period one observes systematic changes in the times of maxima and minima.
To photometrically observe precessional effects, one needs light curves with well defined photometric passbands such as those of the Stromgren system. For each star it is desirable to obtain light curves for many observing seasons and make several observations per night. The comparison and check stars for differential photometry must be much more constant than the variable star. For study with the FCAPT, light curves of at least moderate amplitude are necessary. Structure in the light curves is useful, but not necessary, for comparison purposes. With the energy distribution being a function of surface location, the observed photometric variability is expected to be the somewhat different in each passband. North et al. (1992) derived a precise ephemeris from Geneva photometry and previously published Stromgren y photometry especially that of Morrison & Wolff (1971) for the cool mCP star 108 Aquarii (= HR 9031 = HD 223640). Adelman & Knox (1994) , who used their ephemeris, found some changes in the shapes of their uvby light curves (48 values from three seasons) relative to those of Morrison & Wolff (1971) (36 values from a single season). Later Adelman (1997b) obtained 146 new observations in the fall of 1995, found new features, some of which may reflect the superior definition of his light curves, as well as changes which are similar to those reported by Adelman & Fried (1993) for 56 Ari. This paper presents differential Stromgren photometry of 108 Aqr obtained during the fall of 1998 and early winter of 1999 with the FCAPT (Table 1 ). These data were obtained for comparison especially with single season data sets by Morrison & Wolff (1971) and in particular that by Adelman (1997b) . For each photometric group, the telescope measures the dark count and then the sky -ch-c-v-c-v-cv-c-ch-sky in each filter where sky, ch, c, and v are respectively readings of the sky, the check star, the comparison star and the variable star. The comparison and check stars for all FCAPT observations of 108 Aqr (Table 2) were selected from supposedly non-variable stars near the variable on the sky that had similar V magnitudes and B-V colors using the Bright Star Catalogue (Hoifleit 1982) and the experience of other photometrists and checked later using photometry from the Hipparcos satellite (ESA 1997) . Only a limited range in phase can be observed each night due to the southerly declination of 108 Aqr combined with its period. Further, the usually non-photometric summer weather in Southern Arizona limits its observing season to between the middle of September and the middle of January. Between one and four observations were made each night. Still 140 sets of high quality observations were obtained.
108 AQR
When I initially compared these observations with previous data using the ephemeris of North et al. (1992) :
HJD (max£ e ) = 2444696.820 + (3.735239 ± 0.00024)£, I found evidence for changes in the light curves. Thus I checked the derived period with the Scargle periodogram (Scargle 1982 , Home & Baliunas 1986 ) for the entire set of y data including V photometry converted to this system. As my period search yielded as the most probable frequency 0.26772 d -1 , the same value as found by North et al. (1992) , I retained their ephemeris as the difference between my most probable period and the one that they found by using a least-squares fit has only a minimal effect on the analysis. But now the quoted error in the period can be reduced by a factor of 2. I am slightly concerned about mixing y and V photometry as this star has a 5200 A broad, continuum feature.
Of the four sets of Stromgren photometry those of Adelman (1997b) and this paper have the most values and were obtained during a single observing season to minimize any possible changes in the light curves during the time span of the observations. The Geneva photometry of North et al. (1992) has 65 sets of values, about half of the two most recent data sets and slightly more than those of Morrison & Wolff (1971) , Adelman & Knox (1994) . Only for Adelman's (1997b) u values was a zero point adjustment made, 0.006 mag, in the figures.
As this paper is concerned mainly with the changes in the light curves, I plot the photometry using a single cycle. The data of Adelman (1997b) (closed squares) and of this paper (circles) are shown in Fig. 1 . As the energy distribution at any photospheric location depends on the local values of the abundances and the magnetic field strength, the photometric characteristics of the star can change from one passband to the next. The data from both references overlap well on average, with each magnitude having phase ranges with systematic offsets. One can make slight global magnitude adjustments to make the data better agree in a given phase range, but this causes larger discrepancies at other phases. These observations were taken three years apart and the changes are not particularly large. There are differences in the start of the descending branch especially for u, b and j/, in the light minimum for u, b and y and near phases 0.6 to 0.8 for u, b and y. In Adelman (1997b) a secondary minimum which was most easily seen in y occurred near light maximum. It is also in the current data, but it is shifted slightly in phase. If we adjusted the light curves to make bring both into coincidence, then the rising branches would better coincide, but the falling branches would be more discrepant. Similar but weaker effects would occur for u, v and b. Fig. 2 shows all the Stromgren data as a function of phase. As there are sufficient data to cause visual confusion, to clarify the discrepancies I sorted each set by phase, averaged every three values, and plotted the result. This smoothing makes it easier to see what is happening without changing any major conclusions. The adopted zero points of the Morrison & Wolff (1971) uvby and North et al. (1992) V data made their averages the same as those of the three sets of FCAPT data. In u, the new data (circles) and that of Adelman (1997b) (closed squares) show larger differences with data from Morrison & Wolff (1971) (plus signs) and Adelman & Knox (1994) (x signs) than between themselves. For v, the Adelman & Knox (1994) data are the most discrepant especially for the rising branch and at light maximum. For b, the most recent data set shows earlier falling and later rising branches than that of Adelman (1977b) . The Adelman & Knox (1994) data is the most discrepant along the rising branch. The y data behave similarly to b except that the Morrison & Wolff (1971) data for the falling branch occurs systematically later in phase. The V values of North et al. (1992) (open diamonds) give the minimum its broadest core. The discrepancies between light curves obtained in diffèrent seasons are the signature of the precession of the rotational axis in 108 Aqr. The precessional effects may be more easily seen in y compared with u, v and b due to the presence in the passband of the 5200 Â feature, an indicator of both metallicity and the magnetic field strength. The discrepancies among the data of Morrison & Wolff (1971) , Adelman (1997b) and this paper argue most strongly for the veracity of the variability. The North et al. (1992) and Adelman & Knox (1994) values contain data taken during more than one year, thus they average over precessional effects. Some of their apparently discrepant values warn of them. As the changes due to precession are not large, the rate of precessional motion must be modest. The precessional period causes some uncertainty in the rotational period which is eliminated as the time span of the photometry increases.
FINAL COMMENTS
The rotational period of 108 Aqr is 3.735 days and its polar field is 3630 G (North et al. 1992 ), but might be as much as 9800 G. Its polar field is one-third that of archetype single precessing mCP star of Shore & Adelman (1976) . One way to increase the effectiveness of the precession is to decenter the magnetic field slightly. As 108 Aqr is not in a binary system, it cannot be undergoing forced precession. The changes in the line widths at the continuum level need to be found as they can be used to determine the changes in the angle of inclination as well as lead to a determination of the inclination angle and equatorial velocity. It is also important to measure the radial velocity of 108 Aqr and see how constant it is. At this time, it is difficult to determine the precessional period as the observations for y this most recent observing season are quite different from those of other years. By considering the values obtained at various times, the period is not likely to be shorter than 15 years, but could be longer. As the differences between the Adelman (1997b) and the most recent data are small, the photometric changes can be followed by obtaining complete light curves every other year.
With 108 Aqr having a rotational axis which precesses, patient observers will be able to derive magnetic and abundances maps at the extrema of its cycle. Comparison of these maps would be useful in assessing the errors. The magnetic data might also give some information on the three-dimensional structure of the field.
